Objective: To assess the size of biases in self-reported height, weight in a large sample of adolescents with special attention to possible effects of body dissatisfaction and to assess how such biases may influence estimates of overweight and obesity. Design: Cross-sectional study. Setting: Unselected population from Southwestern parts of Stockholm County, Sweden. Subjects: Two-thousand seven hundred and twenty-six boys and girls, 15 years of age. Methods: Data were collected by a questionnaire answered by adolescents and a physical examination made by trained study nurses. A validated physical appearance scale and body silhouettes were embedded into the questionnaire. Results: Obese boys under-reported their weight (5.2 kg) (95% confidence intervals (CI) 3.7; 6.6) more than obese girls (3.8 kg) (95% CI 1.8; 5.8). Agreement between self-reported and measured body mass index (BMI)-categories (obese, overweight and non-overweight/obese) as estimated by weighted kappa was 0.77 (95% CI 0.72; 0.82) for girls and 0.74 (95% CI 0.70; 0.79) for boys. For obese girls and boys sensitivity of self-reports were 0.65 (95% CI 0.47; 0.79) and 0.52 (95% CI 0.38; 0.66). Boys with low scores on the physical appearance scale under-reported their weight and BMI more than those with high scores. Boys and girls who wished to be leaner under-reported their weight and BMI more than subjects who were satisfied with their body size (Po0.05). Conclusion: Thirty-five percent of obese girls and 48% of obese boys would remain undetected from self-reported data. Boys and girls who were dissatisfied with their physical appearance or size under-reported their weight more than satisfied subjects.
Introduction
Overweight and obesity is a major public health problem in Sweden and most other rich countries and the World Health Organisation declared it the greatest health threat in the Western world by year 2000 (World Health Organisation, 1998) . During the last two to three decades the prevalence of overweight and obesity has increased among children and adolescents; the location and shape of the body mass index (BMI) distribution has changed considerably with much higher BMI values especially in its upper parts (Eriksson et al., 2005) .
Information on self-reported weight and height is less expensive to collect than measured data, for example in health surveys; but the appropriateness of self-reported data depends on the validity and intended use. Many studies on adults have shown that both men and women under-report their body weight and that overweight and obese people under-report to a larger extent than normal weight people (Villanueva, 2001; Spencer et al., 2002) .
The validity of adolescents' self-reported height and weight has been explored in a number of previous studies (Fortenberry, 1992; Galan et al., 2001; Himes and Faricy, 2001; Wang et al., 2002; Brener et al., 2003; Elgar et al., 2005; Himes et al., 2005) . A study of 2032 high school students from the USA showed that both boys and girls over-reported their height and that girls under-reported their weight more (2.0 kg) than the boys (1.1 kg) (Brener et al., 2003) . More importantly, the prevalence of 'overweight' (X95th percentile according to data from CDC growth charts) was underestimated considerably from self-reported height and weight. From self-reported data, 14.9% of the adolescents were classified as 'overweight' compared with 26.9% according to the measured data (Brener et al., 2003) . The findings from this multiethnic and geographically dispersed study based on convenience samples are largely consistent with a recent community study from the UK including 618 adolescents (Elgar et al., 2005) . However, a main difference between these studies is that the Welsh adolescents under-reported their weight less, boys 0.43 kg and girls 0.61 kg. However, the somewhat smaller biases reported in the study from UK, nonetheless, contributed to significant underestimation of the prevalence of overweight and obesity (Elgar et al., 2005) . That even modest misreporting of height and weight can result in substantial misclassification of overweight and obese adolescents, according to measured data, was also shown in a study from Australia including 572 adolescents aged 15-19 years. In contrast to the study from USA (Brener et al., 2003) , the Australian study showed no gender differences in accuracy of selfreported weight (Wang et al., 2002) . As has also been reported by other authors, differences between measured and self-reported weight were significantly greater for overweight or obese adolescents compared with normal weight subjects. Notably, the use of self-reported weight and height resulted in the correct classification of overweight and obesity in only 69% of boys and 70% of girls (Wang et al., 2002) .
Body dissatisfaction may be related to age, gender, ethnicity, perceived pressures from peer groups and the media to be thin, etc. (McCabe and Ricciardelli, 2005) . It has been suggested that body dissatisfaction influence bias in adolescents' self-reports on their body size (Elgar et al., 2005) . These authors reported that a simple question about perception of body size ('do you think your body is a bit too fat or much too fat?') was associated with degree of under-reporting of body weight. They also used seven body silhouettes in their questionnaire ranging from very thin to very large, but found no association between the adolescents' choice of size of silhouette and degree of under-reporting of body weight. We have not been able to identify other studies that have attempted to shed light on the importance of body dissatisfaction and perceived body size as potential determinants of bias in adolescents' self-reported weight and height. The aims of the present investigation were (i) to assess the size of biases in selfreported height, weight and BMI in a large sample of adolescents from Sweden with special attention to the possible effects of body dissatisfaction; and (ii) to assess how such biases may influence estimates of overweight and obesity.
Subjects and methods
From 2000 to 2002, a population-based study was conducted in the Southwestern parts of Stockholm County including adolescents from all 44 municipal schools in the study area. The target group included all 4188 boys and girls who were enrolled in the eighth school year in these 44 schools in the autumn of 2000 and/or the ninth school year in the autumn of 2001. In Sweden, 9 years of school education is compulsory and free of charge for all families. The adolescents were identified in local school registers. The adolescents were requested to answer questionnaires in the classroom and to participate in an ad hoc physical examination in their school made by trained study nurses. This information was linked, through unique personal identification numbers, to socio-demographic information from national registers as described below.
Of the 4188 admissible adolescents, 3548 (84.7%) participated in at least one part of the study, 10.5% did not wish to participate and 4.8% did not participate for other reasons, for example, absence from school owing to illness. Of the 3548 pupils, 379 had their height and weight measured before they reported their height and weight in the questionnaire, 228 lacked self-reported or measured height or weight, 171 lacked self-reported or measured weight, 18 subjects showed more than 30% difference between self-reported and measured weight or more than 10% difference between selfreported and measured height (considered implausible combinations), and 65 subjects had their height and weight measured more than 30 days after they had reported their height and weight. Some of these individuals dropped out for more than one of the aforementioned reasons and 2726 adolescents (77.8% of the 3548 subjects who had participated in some part of the study or 65.1% of all 4188 subjects in the target group) remained to be included in the final study group. Measured height and weight were available for 651 of the 822 excluded subjects. Means and standard deviations (s.d.) of age, height and weight were 15.0 years (0.6), 167.8 cm (8.3) and 59.5 kg (11.3) among the 651 subjects compared with 15.2 years (0.6), 169.1 cm (8.5) and 60.3 kg (11.6) among the 2 726 subjects included in the final study group. After age adjustment, no statistical differences in body size remained between included and excluded subjects (data not shown). The prevalence of asthma and other allergic diseases was 10% among excluded and 11% among included adolescents according to self-reported data and no clearcut differences with respect to occurrence of other chronic diseases were found.
Measures of height and weight
Trained study nurses conducted a physical examination from 2000 to 2002. They measured the adolescents' height and weight twice with a precision of 100 g and 0.5 cm, respectively. Mean values of the two measurements were used in all analyses. The median time between self-reporting in the questionnaire (see below) and measurement of height and weight was 7 days, and for 90% of the 2726 subjects this time interval was 14 days or less. In the present study, we used the age-specific BMI cutoffs for normal weight, overweight and obesity proposed by the International Obesity Task Force (Cole et al., 2000) . The cutoff values were calculated for every half-year based on age calculated in days. Self-reported weight was arbitrarily defined as 'correct' if the absolute difference between measured and self-reported weight was less than 1.0 kg. Similarly, self-reported height was defined as 'correct' if the absolute difference between measured and self-reported height was less than 1.0 cm.
Questionnaire data
The questionnaire included the questions 'What is your height without shoes?' and 'What is your weight in underclothes?' In addition, the questionnaire answered in the classroom included a validated self-esteem instrument called 'I think I am' (Suonpaa et al., 1989) . One of the five scales of this instrument, measuring the adolescents' perception of their physical appearance, was used in the present study. All eight items of this scale have four response alternatives from 'this is exactly right for me' to 'this is not at all right for me'. The raw score of the scale was converted to a normal distributed stanine score with nine categories (1-9) and mean values of 5. These stanine values were further categorized as low (1-3), medium (4-6) or high (7-9). The questionnaire also included nine silhouette drawings showing bodies from very thin to very heavy (Rand and Resnick, 2000) . The adolescents were asked to mark the silhouette that was most like themselves. In a second questionnaire answered at the day of the physical examination 1 week later, they were requested to mark the silhouette best representing their desired body size (Bulik et al., 2001) . The adolescents who marked the same silhouette at both occasions were considered to be satisfied with their body weight. The remaining adolescents were considered to be dissatisfied with their body weight, that is they wished to be smaller or larger.
Social variables
Social status has in some previous studies been reported to bias self-reported data on body size (Himes et al., 2005) . We therefore explored the influence of maternal educational level and ethnicity on our estimates. Educational level of the mother when the offspring was 14-16 years of age was obtained from the Statistics Sweden's Register of Education (year 2000). Educational level was defined as low (less than 9 years), medium (9-12 years) and high (more than 12 years). Additional information on the adolescents' and their parents' country of birth was collected from the Register of the Total Population of year 2000. The adolescents were categorized as 'Swedish' (offspring and parents born in Sweden), 'of foreign origin' (offspring born in Sweden and at least one parent born in another country) or 'immigrants' (offspring and at least one parent born in another country). This grouping is called ethnicity below.
Statistical analysis SAS/STAT software (SAS Institute, Inc., Cary, NC, USA) were used in these analyses. The correlation between self-reports and measured data was assessed by Pearson correlation coefficients. Agreement between self-reported and measured data divided into the categories non-overweight, overweight and obese were assessed by weighted kappa-statistic (Altman, 1997) . We calculated 95% CIs for differences between selfreported and measured height, weight and BMI. Differences between means were tested by the t-test. The w 2 test and the Mantel-Haenszel w 2 tests were used to compare distributions in contingence tables. Differences with P-values less than 0.05 were considered statistical by significant.
Results
In the study population, 11.4% of the girls and 14.3% of the boys were overweight. Further 2.8% of the girls and 3.6% of the boys were obese. Bias in adolescents' self-reported height and weight F Rasmussen et al girls also under-reported their weight, 3.8 kg (95% CI 1.8; 5.8), and over-reported their height, 0.5 cm (95% CI À0.2; 1.1). Figure 1 shows that obese boys and girls under-reported their BMI substantially, 1.9 kg/m 2 (95% CI 1.4; 2.4) and 1.7 kg/m 2 (95% CI 0.9; 2.5), respectively. Overweight subjects of both genders also under-reported their BMI but less than the obese subjects. Girls without overweight/ obesity under-reported their BMI, whereas the boys without overweight/obesity over-reported their BMI slightly (Figure 1 ). Of the girls, 41.5% reported their weight correctly, that is within 71 kg, 48.2% under-reported and 10.3% overreported their weight. Of the boys, 31.6% reported their weight correctly, 31.6% under-reported their weight and 33.1% over-reported their weight. A greater proportion of the girls, (48%) than of the boys (35%) under-reported their weight (w 2 -test, Po0.01). Of the girls 61% reported their height correctly, i.e. within 71 cm, whereas 15% underreported and 25% over-reported their height. Of the boys, 44% reported their height correctly, 25% under-reported and 31% over-reported. Larger proportions of the boys than of the girls over-reported or under-reported their height (w 2 -test, Po0.01). Among boys and girls, no significant associations were observed between maternal educational level (low, medium and high) and proportions of subjects under-reporting their weight, over-reporting and those reporting their weight correctly (Mantel-Haenszel w 2 test, P40.05). For boys and girls, no significant associations were observed between maternal educational level and proportions of subjects under-reporting their height, over-reporting and those reporting their height correctly (Mantel-Haenszel w 2 test,
P40.05).
A slightly higher proportion of immigrant girls (60%) than girls of foreign origin (47%) and Swedish girls (47%) Table 2 shows the adolescents categorized into nonoverweight/obese, overweight and obese, according to the self-reported and measured data. Ninety-four percent of the girls were concordant, 5.2% were found in a lower selfreported than measured BMI-category, and 0.8% were found in a higher self-reported BMI-category. The weighted kappa statistics for girls was 0.77 (95% CI 0.72; 0.82). Of the boys, 91.6% were concordant, 6.5% were found in a lower BMIcategory and 2.0% were allocated to a higher BMI-category, weighted kappa ¼ 0.74 (95% CI 0.70; 0.79).
Among obese girls, sensitivity and specificity were 0.65 (95% CI 0.47; 0.79) and 1.00 (95% CI 0.99; 1.00), respectively. Among obese boys, sensitivity and specificity were 0.52 (95% CI 0.38; 0.66) and 1.00 (95% CI 0.99; 1.00), respectively. With respect to overweight, sensitivity was 0.74 (95% CI 0.68; 0.79) for boys and 0.70 for girls (95% CI 0.63; 0.76). Thirteen out of 37 obese girls (0.35%) and 24 out of 50 obese boys (48%) would not have been detected as obese based on self-reports (false negative). According to their measured weight, the 13 girls should be 2.7 kg thinner (median value) to be classified as overweight according to the International Obesity Task Force criteria (Cole et al., With respect to boys, the 24 false negative individuals should on average be 2.6 kg thinner (median value) to be classified as overweight compared with 10.8 kg among the 26 true positive. Boys with a low score on the physical appearance scale of the self-esteem instrument under-reported their weight (t-test, Po0.01) and BMI (t-test, P ¼ 0.01) more than those with a high score (Table 3) . Similar but nonsignificant differences were seen among the girls (t-test, P ¼ 0.36). Girls who reported that they wished to be leaner than their perceived body size, according to the body silhouettes, under-reported their weight (t-test, P ¼ 0.01) and BMI (t-test, Po0.01) more than girls who were satisfied with their body size (Table 4) . Boys who wished to be leaner under-reported their weight (t-test, Po0.01) and BMI (t-test, Po0.01) more than those who were satisfied with their size; these differences were more pronounced among boys than among girls. Boys who wished to be larger overreported their weight slightly (Table 4) .
Discussion
The size and direction of biases in self-reports of height and weight in the total group of Swedish adolescents were very similar to the results recently reported in a study from UK (Elgar et al., 2005) with the exception from a larger degree of under-reporting of weight among Swedish girls (1.31 kg) compared with Welsh girls (0.61 kg). This is in contrast to a recent study conducted on a multi-ethnic sample of adolescents from large metropolitan areas of MN, USA (Himes et al., 2005) , which showed considerably larger degrees of under-reporting of weight among girls (3.5 kg) and boys (1.6 kg), and also larger over-reporting of height among girls (2.4 cm) and boys (1.2 cm). It is, however, important to keep in mind that these overall results and comparisons are hiding very heterogeneous patterns that became clear when the results were stratified according to categories of BMI as described in the results section. Our Swedish study confirm findings from several previous studies, which have shown that obese boys and obese girls under-report their weight and over-report their height to a larger extent than their nonoverweight/obese counterparts (Fortenberry, 1992; Himes and Story, 1992; Elgar et al., 2005) .
A study from the USA showed that Caucasian adolescents over-reported their height more than their African-American and Hispanic counterparts (Brener et al., 2003) . In the present Swedish study, no significant differences with respect to proportions of over-reporters of height were found between adolescents of Swedish, foreign or immigrant background as defined under methods. With respect to body weight, we found slightly higher proportions of underreporters among immigrants compared with those of foreign or Swedish background. Notably, we found no socioeconomic differences, as measured by maternal education level, in biases in self-reports of height and weight in our Swedish sample, which is in agreement with a study from UK (Crawley and Portides, 1995) , but unlike the study by Himes et al. (2005) , which showed complex patterns of interaction between gender, socio-economic position and ethnicity. Bias in adolescents' self-reported height and weight F Rasmussen et al
This study has strengths and limitations. First, it is a strength that our study is population-based and among the largest so far conducted on biases in self-reported height and weight among adolescents. Second, the measurements were made twice, a few minutes apart, by trained study nurses most often within 1 week and always within one month after self-report. As regards limitations, many of the adolescents may have been aware that stature and weight would be measured at a later occasion when they answered the questionnaire. Whether any foreknowledge may have influenced bias in their reports is unknown. It was also undetermined whether and how often the adolescents may have weighted themselves before the study and if the temporal location of such potential self-measurements influenced the size of biases in their self-reported weight. Lastly, it is a limitation that self-reported data were arbitrarily defined as 'correct' if the absolute differences between measured and self-reported weight and height were less than 1.0 kg and 1.0 cm, respectively. These definitions appear sensible because the adolescents reported their height and weight in kg and cm without decimals. However, such arbitrary definitions render comparisons with other studies more difficult because the findings are dependent on the definition.
Boys and girls show somewhat different patterns of bias in self-reported data on body size in this sample of 15-year old adolescents. Overall, the girls under-reported their weight to a larger extent than boys and they under-reported their weight regardless of body-size, degree of body dissatisfaction and perception of their physical appearance, even though the overweight and obese girls under-reported to a larger extent than their non-overweight counterparts. This pattern of reporting bias might be influenced by social desirability, that is that leanness is considered a goal or ideal worth striving for among females adolescents, whereas a more muscular body shape is the ideal for many young men (Klesges et al., 2004) . It is surprising that girls who wished to be larger under-reported their weight whereas boys who wished to be larger over-reported their weight slightly. We have no good explanation for this gender difference.
Sensitivity, i.e. the ability to identify obese subjects based on self-reported BMI among those who are truly obese based on measured BMI, was low for both boys (0.52) and girls (0.65). For overweight, the corresponding probabilities were less alarming, 0.74 for boys and 0.70 for girls, but these results convey the clear message that many adolescents would be erroneously classified as non-obese or non-overweight (false negative) based on self-reported data. By contrast, the specificity was almost 1.00 for both boys and girls. That means that very few non-overweight and nonobese adolescents would be erroneously classified as overweight or obese based on self-reported information. The low sensitivity in our Swedish data are in accordance with the results reported from the UK (Elgar et al., 2005) , 0.52 for overweight and 0.56 for obesity, with no gender difference, but somewhat lower than that reported for 'overweight' adolescents from the USA, 0.72 (Goodman et al., 2000) .
Although low sensitivity may have important undesirable consequences in screening programs, for example, within school health services, the kappa values were reasonably high, 0.74 for boys and 0.77 for girls, which indicates that when false negatives are not a major concern, for example in monitoring trends over time at group level, self-reported BMI data might be a less expensive alternative to measured data. It is obvious that high Pearson correlation coefficients between self-reported and measured BMI, 0.92 for boys and 0.94 for girls, are no guarantee against an unacceptable amount of obese subjects being falsely classified as nonobese. Such overall correlations mask the heterogeneous patterns of misreporting by various subgroups, for example obese and underweight adolescents.
Associations between under-reporting of weight and body perception according to a simple question on perceived body size and study participants choice of body silhouette have only been reported in one previous study (Elgar et al., 2005) . We have extended and confirmed these findings in a much larger sample by using a validated psychological selfperception scale (Suonpaa et al., 1989) and also applied body silhouettes in a slightly more advanced way (Rand and Resnick, 2000; Bulik et al., 2001) . For boys our results clearly showed that low scores on the physical appearance scale and a desire to be smaller were associated with more underreporting of body weight. Similar but nonsignificant trends were observed for girls. The results by Elgar et al. (2005) did not show a gender difference in this respect. Further research is needed to shed light on the importance of measures of perceived body size and body dissatisfaction as determinants of bias in adolescents self-reports of their body height and weight.
In conclusion, this study showed that 35% of obese girls and 48% of obese boys would remain undetected from selfreported data and that boys and girls who were dissatisfied with their physical appearance or body size under-reported their weight more than satisfied subjects.
